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ABSTRACT 
THE ETIOLOGY OF AH EXCESSIVE WATER SPROUTING AND DIEBACK DISEASE 
OF APPLE AND OF BROWN LINES OBSERVED ON 
THE WOOD OF APPLE AND CHOKECHERRY 
September, 1978 
Garry Lahey, B.A., Ithaca College 
Ph.D., University of Massachusetts 
Directed by: George N. Agrios 
’McIntosh’, ’Red Delicious’ and’Lodi’ apple trees (Malus_ 
domestica) located in an orchard near Natick, Massachusetts shoved 
symptoms of excessive water sprouting, dieback, rosetting, rubbery 
wood, significant reduction in yield and occasionally a few long, 
narrow, slightly raised brown lines on the wood when stripped of 
bark. Similar but more striking brown lines were observed on X— 
diseased chokecherry and chokecherry-wild cherry hybrid plants. 
The number of brown lines seemed to increase with the severity of 
X-disease symptoms although some brown lines were found on apparently 
healthy plants. Affected apple trees were propagated by grafting 
and were also indexed on twenty-four varieties of apple, plus peach 
CPrunus persica), Prunus fomentosa, apple seedlings and herbaceous 
virus indicator plants. Inoculations were also made from affected 
apple, chokecherry and chokecherry-wild cherry hybrids onto seedlings 
of apple, peach, P.. tomentosa and P. serotina. After three years of 
experiments, no symptoms, brown lines or pathogens, were detected 
on or transmitted from apple sources, while Prunus necrotic ring spot 
v. 
virus and X-disease were transmitted from wild Prunus plants. Macro 
and micronutrient analysis of leaves from affected apple trees 
showed N levels at or above normal maximum, while Ca, K and Mg were 
often low. Nutrient analysis and observations suggest that the 
apple disease was caused by high N induced excessive sprouting 
combined with winter injuries to late growing tissues due to high 
N and low K. The brown lines observed on chokecherry and apple 
were found to be non-transmissible and apparently caused by a 
cambium mining insect identical or similar to Phytobia pruni. 
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INTRODUCTION 
In the summer of 1973, several ’Lodi’, ’Delicious’ and 
’McIntosh’ apple trees growing in an orchard near Natick, Mass¬ 
achusetts showed symptoms of excessive water sprouting, dieback 
of sprouts and branches, rosetting and rubbery wood. Many more 
trees in the same orchard were showing similar but milder symptoms. 
When the bark was peeled from the wood of twigs, branches, and 
trunks of diseased apple trees long, thin brownish lines were found 
along the axis of the wood. 
Symptoms of proliferation, dieback, rosetting, rubbery wood 
and cambium disorganization have been associated with certain dis¬ 
eases of apple and other trees caused by viruses and mycoplasmas, 
although some of these symptoms may also be caused by nutritional 
disorders. The description by the orchard owner of the circum¬ 
stances of the appearance of the disease pointed to the possibility 
that the symptoms on apple were caused by a known or a new virus 
or mycoplasma with very destructive potential. 
The similarity of the symptoms on apple with some of the 
symptoms of the very common X-disease of chokecherry observed around 
apple orchards led to a closer examination of X-diseased choke- 
cherry and chokecherry-wild cherry hybrids. The examination revealed 
that these plants also showed many brown lines on the peeled wood 
of twigs, stems and roots. The presence and number of brown lines 
seemed to be correlated with, the severity of X-disease symptoms, al¬ 
though occasionally a few lines were found on apparently healthy 
2 
plants. Also, fainter, more diffuse brown lines were found on 
the wood of some poorly growing peach trees in the University 
orchard that showed mycoplasmalike symptoms of partial defoliation, 
poor yields and weak growth. 
There appeared, therefore to be an association between the 
mycoplasmalike symptoms of proliferation, dieback, rosetting, and 
rubbery wood in the apple trees with the similar symptoms on X- 
diseased chokecherry and other stone fruits; and between the brown 
lines observed on the wood of affected apple with the brown lines 
on X-diseased chokecherry. No apple disease with such symptoms was 
known to affect the three varieties that exhibited these symptoms 
and nothing was known about the nature, cause or relationship 
of the brown lines observed on apple and on chokecherry. 
This investigation, therefore, was undertaken in order to 
determine the etiology of the apple disease and the nature and 
cause Of the brown lines observed in apple and various Prunus 
w 
plants. It was also undertaken to determine the relationship, if 
any, of the condition observed on apple to X-disease of chokecherry 
and peach. 
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REVIEW OF LITERATURE 
The apple tree disorder studied in the present investigation 
exhibited a variety of symptoms such as excessive water sprouting, 
dieback of some terminal shoots and branches, rubbery wood and 
poor yields. Some of the symptoms resembled those caused on apple 
by certain mycoplasmal or viral diseases, e.g. rubbery wood, 
proliferation, etc., or by certain environmental factors, e.g. boron 
deficiency or nitrogen excess combined with winter injury. Wood 
of affected apple trees sometimes also showed brown lines that were 
* * 
similar to those observed on chokecherry and wild cherry presumably 
affected by X-disease. 
Rubbery wood disease of apple occurs frequently as a latent 
condition in many varieties and clonal rootstocks (Posnette and 
Cropley, 1952, 195*0 • Symptoms of rubbery wood, when expressed, 
appear as excessively flexible three-year-old and younger wood. The 
tree usually takes on a pendulous habit, and usually declines in 
r 
vigor. Often strong, vigorous water sprouts arise from the trunk 
and scaffold limbs which may in turn begin to droop (Luckwell and 
Crowdy, 1950). Wood vessels and fibers of affected trees lack 
lignin in comparison to healthy plants (Sandheimer and Simpson, 1962; 
Scurfield, 1963). The variety ’Lord Lambourne’ is by far the most 
sensitive to rubbery wood disease, although mild symptoms are produced 
on ’Dartmouth Crab,’ ’Golden Delicious’ and other varieties. Eecause 
of its sensitivity, 'Lord Lambourne’ is used as the indicator for 
rubbery wood disease (Posnette and Cropley, 1952). The disease is 
k 
transmissible by budding or grafting and is indexed by double 
budding using ’Lord Lambourne' as the indicator. Usually, a two 
year incubation period is necessary before symptoms appear 
(Prentice, 1950). It has been noted by some that rubbery wood 
spreads in the field (Luckwell and Crowdy, 1950), while others 
note very little if any spread (Posnette and Cropley, 195*0. 
The disease was first noted in the United States in New York 
(Brase and Gilmer, 1959). Although rubbery wood was for years 
thought to be caused by a virus, a mycoplasmalike organism is now 
considered to be the causal agent of this disease (Beakbane et_ al, 
1971). 
Apple proliferation is one of the most devastating diseases 
of apple in Europe, where it has been restricted to date. The most 
obvious symptom of proliferation-affected trees is the formation of 
witches’ brooms on current year’s growth. Instead of remaining 
dormant ijntil the following year, buds on current season’s growth 
open and form small weak shoots that give terminal growth with a 
broom-like appearance. The fruits of diseased trees are misshapen 
and small, sometimes no more than 25 percent the normal weight. 
Branches or entire trees may be killed, but usually symptoms become 
less severe following an initial shock reaction (Bovey, 1963). Most 
varieties and rootstocks are susceptible to this disease in various 
degrees, the most sensitive varieties being ’Belle de Boskoop,’ 
’Gravenstein,’ ’Starking' and ’Winter Banana’ (Bovey, 1963). Apple 
proliferation is known to spread in the field but can be experi¬ 
mentally transmitted by grafting only. Mycoplasmalike organisms have 
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been found in the phloem of affected trees (Gionotti et al, 1968). 
Pear decline was first observed in North America in 19^6 
(McLarty, 19^8). Usually, pear decline occurs as a slow devitali¬ 
zation of affected trees that eventually leads to death. Apparently, 
trees recently infected undergo a period of high vigor, blooming 
abundantly and displaying excessive terminal growth. In subsequent 
years, however, fewer flowers and less shoot growth occur, and the 
plant eventually dies (Pine, 1966). The tolerance of a pear tree to 
pear decline is apparently determined by the stock-scion combination. 
When commercial varieties of pear (Pyrus communis) are grafted on 
P_. communis rootstocks, they are relatively tolerant. Varieties 
grafted on "oriental” stocks (usually P_. serotina and P. ussuriensis) 
are highly susceptible and exhibit symptoms of "quick decline" 
(Batjer and Schneider, i960). Quick decline-affected trees may die 
within a few weeks of inoculation. Phloem necrosis at the bud union 
of declining pear trees is diagnostic of the disease. Early in the 
year the first-formed phloem of affected trees becomes necrotic. 
Soon after, abnormal replacement phloem, and hypertrophic and hyper¬ 
plastic phloem parenchyma are formed which may, in turn, become 
necrotic. This phenomenon occurs most notably just below the bud 
union and especially in trees on "oriental" rootstocks (Batjer and 
Schneider, i960; Schneider, 1962). A similar reaction occurs in the 
leaf veins of diseased trees (Soma and Schneider, 1971). Pear de¬ 
cline is graft transmissible, although with some difficulty (Blodgett 
et al, 1963; Shalla et al, 196^). The disease is spread in the field 
by the insect Psylla pyricola (Jensen and Erwin, 1963). Mycoplasmalike 
6 
organisms have been found in the phloem of. infected plants and in the 
insect vector (Hibino and Schneider, 1970). Pear decline can be con¬ 
trolled by injection of trees with tetracycline (Nyland and Moller, 
1973). 
Apple rosette so far has been observed only in the Netherlands. 
Current season’s growth of infected trees has short internodes and 
small curled leaves. The disease is graft transmissible and the 
varieties ’Schone van Boskoop' and ’Jonathan’ produce typical symp¬ 
toms. Although the disease seems to spread in the field, no vector 
is known (Van Katwijk and Meijneke, 1962). 
In addition to transmissible agents, certain nutrient defic¬ 
iencies and excesses in apple are known to cause apple tree symptoms 
similar to those studied in this investigation. 
Rosetting and dieback in apple trees similar to that observed 
on some trees in the present study can be caused by boron (B) de¬ 
ficiency, which also causes surface cracking of fruit. B foliar 
sprays or B compounds applied to the soil usually alleviate the 
symptoms (Burrell, 19^0; Johnson et al, 1955)* 
Rosetting in apple is also caused by zinc CZn) deficiency. 
The most noticeable symptom is the production of rosettes with 
narrow chlorotic leaves. Other commonly observed symptoms are die¬ 
back and fewer, smaller fruit CHenney et al, 196U). 
A similar dieback of current year’s growth occurs in a disease 
sometimes known as "wither tip" of apple, caused by copper (.Cu) de¬ 
ficiency. This disease is well known is Australia but has also been 
reported in South Africa and California. Affected trees usually show 
7 
good vigorous growth in the spring followed by a midsummer dieback 
of recently formed shoots. In succeeding years, vigorous shoots 
arise from below the dead terminals and the dieback recurrs (Dunne, 
1946). 
Nitrogen (N) nutrition of apple trees has been shown to be 
involved in winter related injuries to blossom buds, twigs, branches, 
and trunks. More important than quantity of applied N or N content 
of the tree is the timing of N application (Tingley et_ al, 1939). 
Fall applications of N fertilizers have been associated with winter- 
related diebacks of shoots and branches (Edgerton, 1957). Reduced 
winter hardiness of apple wood has been produced experimentally by 
fall applications of sodium nitrate (Sudds and Marsh, 19^3). Spring 
frost injury to growing blossom buds has been associated with the N 
content of McIntosh apples (Burrell and Boynton, 19I+5). Since trees 
containing high R levels are more likely to leaf out and blossom 
earlier than trees with lower levels of N, trees with excessive N 
are more likely to encounter killing temperatures (20-21° F). They 
suggested that this phenomenon explains the lower fruit "set” in 
some years on vigorous trees. Winter injuries have also been assoc¬ 
iated with vigor alone. Apple trees that do not set their terminal 
buds by midsummer, are prone to some type of winter injury. Trees 
that cease terminal growth by midsummer are likely to be winter hardy 
regardless of N levels. It is believed that sufficient time is nec¬ 
essary for recently formed tissues to harden off and develop winter 
hardiness. Trees that continue to grow into late summer not only are 
susceptible to terminal dieback, but their young trunk and branch 
8 
tissues may be injured also (Boynton, 1966). 
A few twigs, branches and trunks of apple trees affected with 
the disorder under investigation exhibited thin, long, yellowish- 
brown lines extending on the wood surface and just below the bark, 
along the main axis of the stem. Similar lines, as well as die- 
back were observed in chokecherries naturally infected with the 
mycoplasmalike pathogen causing the X-disease of peach. 
X-disease of peach and cherry has been known since 1931 (Rawr- 
lins and Horne, 1931). X-disease is an important disease of 
peach and cherry wherever the wild host of X-disease, chokecherry 
CPrunus virginiana) occurs GStoddard, 193^). X-disease was first 
reported in Massachusetts in 1938 CBoyd, 1938). Important economic 
hosts of X-disease include: peach, nectarines, sour cherry and 
sweet cherry. Other hosts of X-disease include: chokecherry (P. 
virginiana), flowering cherry and pin cherry (P_. pennsylvanica). 
GStoddard, 19^7; Rawlins and Thomas, 1951; Reeves et al, 1951; 
Gilmer and Blodgette, 1976). Wild black cherry (P. serotina), which 
is common in our area, is noted as being immune to X-disease (Gilmer 
et al, 195^). Symptoms of X-disease on peach appear about June as 
yellow to red blotches on the leaves. Soon after, leaves roll up¬ 
ward and the discolored areas drop out, leaving the leaves tattered. 
Later in the season, many affected leaves abscise leaving only a 
small rosette of leaves on the terminals. It is common for a tree 
to show symptoms only on some of its branches and these may suffer 
dieback in the winter. Young trees are more likely to succumb to the 
disease than large, well established trees. Fruits on affected branches 
9 
abscise or develop very poorly and are worthless (Hildebrand, 1953) • 
Symptoms on diseased chokecherry appear in late June as bright red 
to orange foliar coloration. Little leaf necrosis and leaf drop 
occurs. Later in the season, normally dormant terminal and lateral 
buds may grow forming small reddened leaves. In older infections, 
leaves are stunted and more yellow than red. Fewer shoots and leaves 
are produced and are often rosetted. Seeds of infected peach and 
chokecherry, if produced, are not viable and therefore there is no 
chance of seed transmission. Chokecherry usually declines rapidly 
and dies within four years from infection (Hildebrand, 1953). X- 
disease is readily transmitted by grafting, although distribution 
of the pathogen in the buds of diseased trees is erratic. Prunus 
ringspot virus in the inoculum may prevent transmission of X-disease 
by causing the inoculating bud to be rejected (Gilmer et al, 195^)• 
Usually peach seedlings or varieties are used as indicators of X- 
disease (Hildebrand, 1953). Schneider (19^5) found phloem necrosis 
in stems and leaves of X-diseased cherry. Following this necrosis, 
the cambium becomes hyperactive, forming a wider layer of new phloem 
which, later in the season also becomes necrotic. In this way the 
tree becomes, in effect, partially girdled. However, no mention of 
the presence of brown lines in or on the wood was made. Various leaf- 
hopper insects are known to be vectors of X-disease, Scaphytopius 
acutus being the most important vector in the east (Anthon and Wolfe, 
1951; Jensen et al, 1952; Gilmer et al, 1966). X-disease can be 
eliminated from budsticks by immersion in U8° C water for l6 minutes 
or 53° C for two minutes (Stoddard, 19^7)♦ Practical control of X- 
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disease is accomplished "by removal of chokecherry from within 500 
feet of peach orchards. Very little spread of X-disease occurs in 
the orchard from peach to peach, probably because the vector of X- 
disease prefers to feed on chokecherry and seems to acquire X-disease 
poorly from infected peach (Gilmer et al, 1966). Outbreaks of X-dis- 
ease have always been associated with the presence of diseased choke¬ 
cherry nearby. Eradication of chokecherry by the use of herbicides 
has given excellent control (Palmiter and Hildebrand, 19^+3; Hilde¬ 
brand, 1953; Parker et_ al, 1956). Mycoplasmalike organisms have been 
found in the phloem of infected peach and chokecherry (Nasu et_ al, 
1970; Granett and Gilmer, 1971; Macbeath et al, 1972). Symptoms of 
X-disease can be alleviated by the use of tetracyclines (Nyland, 1971)* 
Certain other diseases are known, e.g. stem pitting diseases, 
elm phloem necrosis, etc. in which the primary symptoms are assoc¬ 
iated with disorganization and disruption of cambial and related 
tissues (Schneider, 1973). The symptoms of such diseases in some 
ways resemble the brown 'line condition observed on apple,chokecherry 
and wild cherry. Thus in elm phloem necrosis, which is thought to 
be caused by a mycoplasmalike organism (Wilson et al, 1972), necrosis 
of first formed phloem in the spring is followed by excessive production 
of phloem and ray parenchyma due to hyperactivity of the cambium (Mc¬ 
Lean, 19^). In the virus induced stem pitting disease of apple 
CGuengrich and Millikan, 1956), there is production of pits in the 
wood and of pegs in the bark due to disruption of normal cambial acti¬ 
vity (Hilborn et_ al, 1965 ). 
In citrus trees affected with the quick-decline form of tristeza 
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disease, cambial tissues become disorganized, producing relatively 
undifferenciated tissues that result in pitting of the wood. Oc¬ 
casionally the cambium reorganizes, burying undifferentiated tissue 
as a fleck within the wood (Schneider, 19^6, 195^)* This observation 
is similar to the observation made on chokecherry where brown lines 
apparently become buried in normal wood tissue sometime after their 
formation. 
In a report on a disease of peach and apricot in Greece, Agrios 
(1971) described, as part of the symptoms observed, discolored bands 
on the wood somewhat similar to the brown lines observed in the 
present study on apple and chokecherry. Affected trees leafed out 
four to eight weeks early, usually displayed stem pitting symptoms 
and displayed a brownish, striped or continuous discoloration of 
the cambial area. Trees showing these symptoms usually declined 
and died within three years of onset of symptoms. The etiology of 
i 
this disease is unknown. 
Grossenbacher (1915) described the production of brown lines in 
Prunus and Crataegus trees and shrubs by the cambium-mining insect 
Phytobia pruni. The insect overwinters in the cambium of the plant 
and becomes active in the spring. At that time, the larvae begin 
to feed on cambial tissue, leaving a tunnel in their path. By mid¬ 
summer the larvae bore out of the bark and pupate on the ground. 
After three weeks, the pupae open to release adult flies. The 
flies mate and the females lay eggs in the lenticels of Prunus and 
Crataegus plants. Eggs then hatch within three days and young larvae 
feed throughout the remainder of the growing season. The brown line 
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observed is the result of occlusion by the plant of the tunnel 
formed by the insect. Phloem ray cells near the tunnels appar¬ 
ently dedifferenciate and a new cambium forms which fills in the 
tunnel with parenchyma cells. Later, the tunnels which are now 
plugged with parenchyma are buried in the wood by subsequent pro¬ 
duction of healthy wood tissues. Plants are often found to have 
been affected by the insect for many consecutive years. Hough 
(1963) and Kuhlman C19&U) redescribed the activities of the Prunus 
miner with special reference to its effect on sawlog values. 
Since the symptoms of proliferation, dieback, rosetting, and 
wood abnormalities that were observed on apple and Prunus trees 
could be caused by viruses, mycoplasmas, or certain nutritional 
disorders, various techniques utilized in the study of such diseases 
were employed. These included: graft transmission experiments, in¬ 
dexing on woody indicator plants, mechanical transmission experiments, 
electron microscopy, histopathology, isolation and culture of pathogens, 
and foliar elemental analysis. 
Graft transmission of a disease is taken to mean that the dis¬ 
ease is caused by a virus, mycoplasma or rickettsialike bacterium 
and not by an environmental factor. With Malus and Prunus, graft 
transmission is usually attempted by inoculating healthy plants of 
the same species and/or variety on which the disease was observed, 
or by inoculating a certain species or variety which is particularly 
susceptible or shows unique symptoms to a disease and is therefore 
suited for detecting and diagnosing this disease. Such a plant is 
known as an indicator for that disease, and is used for diagnostic 
13 
purposes. Indicator plants used for detecting Maius viral and 
mycoplasmal diseases are usually varieties of apple (Posnette and 
Cropley, 1961). Indexing is done by a technique known as double 
budding where a scion or bud of the healthy indicator is grafted 
to a seedling and a bud of the(diseased) plant to be indexed is 
grafted on the seedling below the healthy bud. When the healthy 
bud grows, it shows symptoms incited by the transmissible agent 
associated with the diseased bud. Thus, some of the apple indicator 
varieties are: ’Lord Lambourne’ for rubbery wood disease, 'Golden 
Delicious’ for apple proliferation, ’Gravenstein’ for flat limb, 
'Virginia Crab’ for stem pitting, etc. (Posnette, 1963). 
Commonly used indicators for viral and mycoplasmal diseases 
of Prunus are peach seedlings, peach varieties, and seedlings of 
various cherry species (Fridlund, 1976). Prunus tomentosa seedl- 
ings are used to detect latent Prunus viruses and usually show dis¬ 
tinct "shock" symptoms (Fridlund, 195^; Fink, 1955)* Some viruses 
e.g., Prunus necrotic ring spot virus, produce "shock" symptoms, 
that is, severe symptoms immediately after inoculation (Davidson, 
1963), while other viruses and mycoplasmas require a two-year incubation 
period before any symptoms are expressed (Posnette and Cropley, 1952). 
To shorten the time interval between inoculation and appearance 
of symptoms on woody indicator plants, the indicators are inoculated 
when they are just breaking dormancy, so that the pathogen can move 
up the plant rapidly to the actively growing tissues and induce symp¬ 
toms (Davidson, 1963). Another method utilizes a diseased bud grafted 
to an actively growing indicator plant, which is pruned drastically 
to further stimulate new growth and uptake of the pathogen. 
Since their discovery in 1967, (Doi et al, 1967)9 mycoplasma- 
like organisms have been associated with many diseases, especially 
many of those exhibiting symptoms of "yellows", rosetting, dieback 
and decline, proliferation and flower abnormalities (Hull, 1971). 
In all known diseases of mycoplasma etiology, the mycoplasmas have 
been observed in the phloem of affected plants using electron 
microscopy, since the organisms are too small (200-900 nm) to be 
seen with the light microscope (Davis et al, 1971). Among the apple 
diseases of suspected mycoplasmal etiology are apple proliferation 
and rubbery wood diseases (Gianotti et al, 1968; Beakbane et al, 
1971). 
Petioles, midveins and veinlets of woody plant leaves are most 
commonly used for embedding, sectioning and electron microscopic 
observation of phloem tissues for the presence of mycoplasmas. 
These tissues are used because of the high frequency with which myco¬ 
plasmas are found in them and due to lack of excessive woodiness, 
they are relatively easy to section. 
With certain diseases of viral or mycoplasmal etiology the 
cambial area and phloem of certain plant parts exhibit histopatho- 
logical symptoms (Schneider, 1973). Complete sections of stem that 
include wood, cambium and bark tissues are embedded best in celloidin 
(nitrocellulose) (Johansen, 19^0; Sass, 1958) 9 and are then sectioned 
on a sliding microtome because of its slicing rather than cutting 
action of standard microtomes. The sections from diseased plants are 
then compared to corresponding sections from healthy materials by 
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using various histochemical stains (Jensen, 1962). 
Mechanical transmission of only a few Malus and Prunus viruses 
has been accomplished by overcoming the effect of inhibitory com¬ 
pounds found in the leaves of these plants. It is thought that 
mucilagenous materials, tannins and phenolic compounds present in 
the leaves and the relatively low concentration of virus in the plant 
are responsible for difficulties in transmission (Fulton, 1966). 
Greatest success in transmission of Malus and Prunus viruses has 
been achieved using phosphate buffer of 0.01 to 0.03 molarity at 
neutral or slightly alkaline pH (Fulton, 1957). Certain alkaloids 
such as nicotine (Kirkpatrick et al, 1967) and caffeine (Diener and 
Weaver, 1959) are often added to the buffer to absorb mucilagenous 
materials and tannins from leaf extracts and thereby promote virus 
transmission to herbaceous indicators. Certain other additives are 
used to prevent virus inactivation in plant extracts by phenolic 
compounds and particularly by their oxidation products. Some compounds, 
e.g. cysteine HC1 act as reducing agents and directly inhibit oxidation 
processes (Kirkpatrick et al, 1965). Others, such as sodium diethyl- 
dithiocarbamate (Na DIECA) are chelating agents and inhibit oxidation 
of phenols by binding and removing copper ions that serve as coenzymes 
of phenoloxidase enzymes (Hampton, 1961). This type of compound in¬ 
hibits phenol oxidation indirectly by limiting phenoloxidase activity. 
Young expanding leaves of virus-infected Malus and Prunus plants are 
the best source of inoculum for mechanical transmission of viruses, 
presumably because they contain lower concentrations of inhibitory com¬ 
pounds and higher virus titers than older leaves (Fulton, 1966). 
The most suitable herbaceous indicators for initial mechanical 
transmission of viruses from trees are cucumber (Cucumis sativus) 
and Chenopodium sp. (Gilmer and Brase, 1956; Lister et_ al, 1965; 
Kirkpatrick et_ al, 1967)• Cucumber cotyledons and Chenopodium 
leaves are inoculated by dusting them with an abrasive such as 
carborundum and then wiping them with a pad of cheesecloth that has 
been dipped in sap of virus-infected Malus or Prunus leaves. Once 
a virus has been transmitted initially to an herbaceous plant, it 
can then be transmitted from it to many more herbaceous plants such 
as tobacco, petunia, Gomphrena, Datura, Cucurbits, Chenopodium sp., 
legumes, etc. and can be identified by determining its symptoms 
and host range on these plants (Lister et al, 1965; Kirkpatrick et al, 
1967). 
To date, viruses and probably mycoplasmalike plant pathogens 
have not been cultured on nutrient media and therefore, their pre¬ 
sence cannot be ascertained by this technique. On the contrary, 
vascular wilt fungi, e.g. Ceratocystis, Fusarium, Verticillium, and 
bacteria, e.g. Erwlnia'stewarti can be grown in culture. Recently, 
Spiroplasmas and rickettsialike bacteria associated with certain 
stunting and decline diseases have been isolated and grown in culture 
(Saglio et al, 1971; Davis and Worley, 1973; Liao and Chen, 1977; 
Davis et al, 1978). While the nutrient media used vary somewhat, 
they all include horse serum and a fairly high molarity of sugars. 
Recently Liao and Chen (1977) described a medium sutiable for growing 
most plant pathogenic spiroplasma organisms including the corn stunt, 
citrus stuborn, and the bentgrass witches* broom spiroplasmas, as 
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veil as spiroplasmas not pathogenic to plants (Chen, personal com¬ 
munication). 
Sprioplasmas and mycoplasmalike organisms live in the phloem 
of plants, are roughly the same size and lack cell vails. Spiro¬ 
plasmas, hovever, are spiral vhile mycoplasmas are ovoid to tubular 
and the former can be cultured and can be seen using dark field oil 
immersion microscopy, as veil as electron microscopy. Spiroplasmas 
are isolated from plants by dicing infected shoot tips in nutrient 
medium and then passing the sap-medium mixture through millipore 
filters into fresh nutrient medium. The millipore filter thereby 
allovs the spiroplasma to pass through due to their size and 
pliability, but exclude cellular pathogens of sizes greater than 
the pores of the filter (.Chen and Liao, 1975). 
The nutritional status of apple trees is determined by foliar 
analysis. Leaves are collected from the middle of current year 
shoots (.not spurs), since these are subject to less variation (Boynton, 
1966). Samples of 50 to 100 leaves are collected from random points 
all around a tree. The leaves are then vashed, dried in a forced 
hot air oven, and milled to a povder in a Wiley mill. Povdered samples 
of each tree are ashed in an oven, solubilized in acid, and analyzed 
to percentages or parts per million of each element using atomic ab¬ 
sorption spectroscopy CKirkbright and Sargent, 197*0. Optimum levels 
of elements have been determined by associating levels of elements 
vith good tree grovth and lack of symptoms. Hovever, optimum levels 
are related to apple variety, soil type and geographic location and 
are therefore somevhat variable (Boynton, 1966). 
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MATERIALS AND METHODS 
Diseased apple budwood used in transmission and other experi¬ 
ments was obtained from severely affected trees found at an orchard 
in Natick, Massachusetts. Healthy apple (Pyrus malus) budwood was 
obtained from trees maintained at the University of Massachusetts 
Horticultural Research Center, Belchertown, Massachusetts. Choke- 
cherry (Prunus virginiana) and chokecherry-wild cherry (Prunus 
serbtina) hybrid plants showing symtpoms of X-disease and brown 
lines were collected from roadsides in the Amherst-Belchertown area. 
Diseased peach (Prunus persica) inoculum was collected from poorly 
growing peach trees with viruslike symptoms found in the University 
orchard. Apparently healthy ’Elberta' peach, and peach, apple, 
P. tomentosa and P_. serotina seedlings used in these experiments were 
purchased from: Bountiful Ridge Nurseries, Princess Ann, Maryland; 
Mount Arbor Nurseries, Shenandoah, Iowa and Mellingers, North Lima, 
Ohio. Experimental plants maintained in the greenhouse were period¬ 
ically fertilized and were also sprayed to control mites, aphids, white 
flies and powdery mildew. Outdoor experimental plants were periodically 
weeded and fertilized. 
Transmission Experiments 
1. Propagation of Affected Apple Scions. Dormant one-year-old 
budsticks from severely affected 'Lodi', ’Delicious’ and ’McIntosh' 
apples were whip-grafted on apple seedlings. The emerging plants were 
maintained to observe production of any symptoms similar to those found 
in the field and also to serve as a source of actively growing material 
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for mechanical transmission experiments and electron microscopy. 
Plants "were propagated in 1973, 197^ and 1975* All plants were 
maintained in the greenhouse. In one experiment, terminal rosettes 
from a diseased 'Lodi' tree were propagated to observe shoot growth. 
All plants were peeled one to two years after propagation to deter¬ 
mine production of symptoms on the wood. 
2. Indexing of Diseased Apple Trees. Four healthy scions from 
each of twenty four apple varieties were whip-grafted on apple seed¬ 
lings. Included in these were healthy trees of the varieties showing 
symptoms in the field; 'Lodi', 'Delicious' and 'McIntosh.' After 
the scions had taken well and had made significant growth, three 
plants of each variety were subsequently inoculated with buds from 
affected apple trees. One plant of each variety was kept as a con¬ 
trol. Plants of this experiment were first inoculated in the spring 
of 197U and were reinoculated in the spring of 1976. Inoculum buds 
were checked soon after inoculation to ascertain the success of bud 
take on the indicator plants. Periodically, plants were pruned 
back sharply to induce new growth, since this treatment helps express 
otherwise latent symptoms (Hildebrand, 19^-1 )• All indexing plants of 
the experiment were moved outdoors in the summer of 1977• 
.t. .• 
3. Growth Comparison Tests of Diseased and Healthy Apple Trees. 
Three groups of twenty plants each were propagated by whip-grafting 
of apple scions on apple seedlings. The first group consisted of 
diseased apple scions; the second, of healthy scions of the same 
variety as the first group; and the third group, of healthy scions 
that were subsequently inoculated with a diseased apple bud placed 
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on the seedling. The third group vas included since some viruses, 
i.e. Prunus necrotic ring spot virus are known to produce shock 
symptoms soon after inoculation (Nyland et al, 1976). Both seed¬ 
ling stocks and scion varieties were dormant at the time of grafting 
and potting, and were set out to start growth at the same time. The 
same experiment was run in the greenhouse in 197^- and in 1976, and 
both times McIntosh was used as the experimental variety. 
In another experiment, potted plants of ’McIntosh’ and ’Deli¬ 
cious’ were maintained outdoors during the growing season of 1976. 
The plants were observed for overall growth differences or other 
symptoms. Approximately one year after the plants were set out, 
they were peeled to determine the presence of wood symptoms. 
4. Cross-Inoculation Experiments. Healthy seedlings of apple, 
peach, Prunus fomentosa and Prunus serotina (wild cherry) were used 
as indicators to determine the relatedness of the conditions observed 
on apple, peach, chokecherry, and chokecherry—wild cherry hybrid 
plants in the field. Twenty plants of each indicator species were 
inoculated with buds from either diseased apple, diseased chokecherry, 
diseased chokecherry-wild cherry hybrid, or diseased peach. The 
buds were checked for "take" two weeks after budding and plants were 
rebudded as necessary. In most instances, indicator plants were in¬ 
oculated while still dormant and were returned to cold storage for up 
to two weeks before being potted in the greenhouse or planted outdoors. 
In some instances, plants were inoculated at the time of potting; in 
this way, all inoculated plants would start growth at the same time. 
This experiment was carried out in the greenhouse in 1975 and in 1976. 
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In the 1976 experiment, young * Elberta' peach plants were used as 
an indicator rather than peach seedlings, and affected peaches were 
omitted from the experiment. An experiment identical to the 1975 
greenhouse experiment was also conducted outdoors in the University 
nursery in 1975* All experimental plants were observed for the 
production of any symptoms and most were peeled approximately a 
year after the start of the experiment to determine if any wood 
symptoms had developed. 
5. Susceptibility of Prunus serotina to X-disease and to 
Brown Line Formation. Approximately 300 P. serotina seedlings 
were inoculated with buds from apparently X-diseased chokecherry 
plants showing brown lines on their stem wood. Inoculum buds 
were checked for "take" and the plants were rebudded as necessary. 
Fifty P_. serotina plants were kept as controls. All plants were 
grown in a soil bed in the greenhouse for two years beginning in the 
spring of 1975* Reinoculations were made in the spring of 1976. 
Plants were periodically pruned back severely to force new growth. 
Approximately once a month, sections of inoculated and noninoculated 
plants were removed, peeled and observed for production of brown 
lines. All plants were observed for production of any symptoms 
related to the disease. 
6. Mechanical Transmission Experiments. Young expanding leaves 
of diseased apple scions, and of peach and P. tomentosa plants inocu¬ 
lated with, buds from diseased Prunus trees (peach, chokecherry and 
chokecherry-wild cherry hybrids) were used in mechanical transmission 
experiments. The leaf tissues were ground with a mortar and pestle 
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in the presence of buffer. Buffers used were: 0.01 M dibasic pot- 
> 
assium phosphate containing 0.01 M cysteine hydrochloride and 3% 
nicotine v/v, (Kirkpatrick et al, 1965); 0.03 M phosphate buffer 
pH 8.0 containing 0.5% caffeine, (Diener, 1959); and 0.03 M phos¬ 
phate buffer pH 8.0 containing 0.5% caffeine and 0.01 M sodium 
DIECA (Hampton and Fulton, 1961). In most attempts to mechanically 
transmit pathogens (viruses) from diseased plants, cotyledons of 
cucumber, squash and pumpkin seedlings were dusted with carborundum 
and were then wiped with a cheesecloth pad dipped in the sap of 
leaves ground in buffer. Leaves of actively growing Chenopodium sp. 
plants were inoculated in the same way. At least four attempts 
to transmit a pathogen (virus) from diseased apple and Prunus 
plants were made for each buffer. In some attempts, additional 
herbaceous indicator plants including tobacco, aster, Gomphrena, 
Datura and * Pinto' beans were inoculated in the same way. Indicator 
plants were observed for the production of local and/or systemic 
symptoms of virus infection. 
Foliar Analysis of Apple Trees 
One hundred leaves were collected at random from each affected 
apple tree studied. In 1975* six severely diseased trees were 
sampled. In 1977, three diseased and three apparently healthy trees 
were sampled. Each lot of 100 leaves were washed promptly, and then 
dried in a forced hot air oven. When dry, the leaves from each tree 
were ground to a powder in a Wiley rotary mill. The actual determin 
ation of N, P, K, Ca, Mg, B, Fe, Mn, Zn, Cu content was performed 
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by atomic absorption spectroscopy at the Maine Agricultural Experi¬ 
ment Station, Monmouth, Maine. 
Histopathology 
1. Light Microscopy. The nature and development of brown lines 
was studied in chokecherry and chokecherry-wild cherry hybrid plants, 
since these were much more common and more striking. Segments of 
stems and branches were collected throughout the growing season and 
embedded in celloidin for sectioning. The procedures were those 
recommended by Sass (1958), with minor modifications. Approximately 
one centimeter long sections of stems, branches and twigs of plants 
showing symptoms of X-disease and brown lines were fixed in b% 
gluteraldehyde for 2b hours. These were then washed in water for 
2b hours, dehydrated through a graded alcohol series, cleared in 
100$ tertiary butyl alcohol, softened for two to four weeks in a 
50/50 TBA glycerin solution and finally cleared in ethyl cellosolve 
(ethylene glycol monoethyl ether) before the embedding proceeded. 
Fixed tissues were placed in 100 ml ethyl cellosolve in stoppered 
flasks which were placed in a 50°C embedding oven. Every two to 
three days a chip of celloidin (nitrocellulose) was added to each 
flask and this was repeated until a final concentration of 10$ 
celloidin w/v was reached. At this point the embedding medium was 
barely liquid at room temperature. Individual segments were removed 
from the medium with some medium adhering to them and were immed¬ 
iately hardened to a solid state by placing them in chloroform. The 
resulting blocks were trimmed, mounted and sectioned on a Leitz 
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sliding microtome to approximately 20 u thickness. Individual 
sections -were mounted on glass slides using Haupt’s adhesive 
as outlined by Jensen (1962). 
The sections were stained with safranin-fast green combination 
as described by Jensen (1962); celloidin was removed from tissues 
by immersion in two changes of ethyl cellosolve; the sections were 
then partly hydrated to 50! alcohol, and stained in a 1% safranin 
solution in 95% alcohol, diluted 50/50 with water for two hours; 
subsequently they were destained in acidified 70% alcohol for a 
few minutes; dehydrated to 100% alcohol; counterstained with 0.5% 
fast green in 50/50 clove oil/50% alcohol for one minute; differ¬ 
entiated in 50% clove oil, 25% absolute alcohol, 25% xylene, cleared 
in two changes of xylene, and mounted with permount. Some sections 
were stained with the IKI (iodine-potassium-iodine) reaction, which 
is used to localize starch in tissues and proceeded as follows 
CJensen, 1962): the celloidin was removed in ethyl cellosolve; re¬ 
hydrated to water; placed in 0.2% potassium iodide 0.2% iodine in 
water for five minutes; dehydrated through 100% alcohol; cleared in 
two changes of xylene, and mounted. Another stain, the periodic 
acid-Schiff reaction (PAS) was used to localize all insoluble carbo¬ 
hydrates (.starch, cellulose, etc.) in the tissues. The procedure 
used was that of Jensen C1962I. Celloidin was removed in ethyl cello¬ 
solve; sections were rehydrated to water; placed in 0.5% periodic 
acid for 15 minutes; washed well in water; stained in Schiff’s re¬ 
agent CO.5 g basic fuchsin, 0.5 g potassium metabisulfite in 100 ml 
0.15 N ECl) for 10 minutes; washed well in water; dehydrated through 
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100% alcohol; cleared in two changes xylene; and mounted. 
2. Electron Microscopy. Electron microscopic studies were 
conducted on the xylem, phloem and associated parenchyma tissues of 
affected apple, chokecherry and chokecherry-wild cherry hybrid 
plants. Studies were aimed at detecting the presence of any ultra- 
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microscopic pathogen(s) found in these tissues. Corresponding 
healthy tissues were also observed as controls. The procedures 
used were those described by Macbeath et al (1972). One—mm sections 
of leaf midveins and secondary veins were fixed in 2% gluteraldehyde 
in 0.1 m cacodylate buffer pH 7*3 at room temperature; the sections 
were washed well in four changes of buffer for 10 minutes each; 
post-fixed in 1% Osmium tetroxide in 0.1 m cacodylate buffer at 
^°C; washed well in four changes of buffer; dehydrated through a 
graded alcohol series at ^°C; cleared in two changes of propylene 
oxide; infiltrated with Spurr's epoxy resin (Spurr, 1969) using a 
25%, 50%, 75%, 100% graded series of resin in propylene oxide; 
passed through one extra change of 100% resin; vacuum infiltrated in 
a bell jar under aspiration overnight; and the tissues were arranged 
in embedding containers and polymerized at 60°c for 2h hours. The 
resulting blocks were trimmed and mounted and were then sectioned 
on a Porter-Blum MT 2 ultramicrotome using glass knives. Sections 
of approximately 100 nm thickness were collected on 200 mesh grids, 
and were stained in 1% uranyl acetate and lead citrate (Reynolds, 
1963}. Grids were observed and photographed as needed in an RCA 
IIIA or Zeiss EM9S2 electron microscope. 
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Culturing Experiments 
1. Isolation of Pathogen(s) on Simple Media. In an attempt 
to isolate any pathogenic bacteria or fungi from diseased apple, 
chokecherry or chokecherry-wild cherry hybrid plants, several 
simple media were utilized. Nutrient agar, potato dextrose agar, 
lima bean agar, corn meal agar, yeast-water agar and water agar 
were rehydrated according to directions (Difco) and were autoclaved 
at 15 p.s.i. pressure for 20 minutes. After cooling slightly, 
media were poured aseptically into sterile petri dishes and allowed 
to solidify. Sections of interior wood and bark tissues (including 
brown lines) of diseased apple, chokecherry and chokecherry-wild 
cherry hybrid plants were removed aseptically. In some cases, 
the pieces of tissue were also surface sterilized by placing them 
in a 10$ clorox solution. Excised tissues were then transferred to 
plates containing the various media and incubated at 26°C for up to 
a week. Observations of the plated tissues were made daily to deter¬ 
mine the appearance of any growth on the nutrient media. 
2. Isolation of Pathogen Is) on Ttycoplasma (Spiroplasma)Media. 
Two media developed for isolation and cultivation of plant pathogenic 
spiroplasmas were used in these studies. One, used to culture 
the "stubborn" disease agent of citrus (AbdEl-Shafy, 1972) contains 
2.1 g PPLO broth (Difco), 0.1 g fructose, 0.1 g glucose, 0.1 g sucrose, 
0.1 g tryptone, 5-0 g sorbitol in 60 ml water; this is autoclaved 
at 15 p.s.i. for 20 minutes. Alter cooling, 20 ml of horse serum, 
and 10 ml of 25$ yeast extract passed through a sterile 0.22 millipore 
filter were added. The medium was then distributed aseptically in 
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5 ml aliquots into sterile cotton-plugged test tubes. The second 
medium, called Chen's C-3G, used for culturing the spiroplasmas 
associated with stubborn disease of citrus, corn stunt and a bent- 
grass disease (Liao, 1977) was prepared as follows: 1.5 6 PPLO broth 
(Difco), 12 g sucrose, 1 ml of a 1% Phenol red stock solution, all 
in 80 ml of water were autoclaved at 15 p.s.i. for 20 minutes. To 
this, were added aseptically after cooling, 20 ml of a gamma horse 
serum (Gibco) (previously heat inactivated at 56 C for 1+5 minutes) 
passed through a sterile 0.22 u millipore filter; the medium was 
then distributed aseptically in 5 ml aliquots into sterile cotton- 
plugged test tubes or sterile disposable screw-cap test tubes. 
Isolations of pathogens on these media were attempted by placing 
on the media shoot tips from diseased apple scions and from peach 
seedlings previously inoculated with diseased chokecherry buds 
and showing X-disease symptoms. Corresponding healthy shoots were 
used for controls. The isolation method used was that of Liao (1977)• 
The leaves were stripped off a two inch section of shoot tip; the 
shoot was washed well in running water, then soaked in sterile water 
for a few minutes or briefly immersed in 70% alcohol to surface 
sterilize and then soaked in sterile water; the shoot was then placed 
in 5 ml of sterile medium and diced in the medium with a sterile razor 
blade; the resulting sap and medium were drawn up in a sterile syringe 
and three drops were distributed into each of five tubes of sterile 
medium, by passing through a sterile 0.1+5 millipore filter. This 
was labeled "primary isolation" and was incubated at 29°C. Twenty- 
four hours later, three drops of each primary isolation tube were 
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transferred aseptically into five new tubes of culture medium, 
labeled "secondary isolation" and were incubated at 29°C for up to 
three weeks. The second transfer of inoculum was used to dilute 
out any inhibitory compounds present in the primary isolation tubes. 
In experiments using Chen's C-3G medium, the plant pathogen, Spiro- 
plasma maydis, known to cause corn stunt (Chen, 1975)* was grown 
in separate tubes along with experimental isolation attempts to 
serve as an indicator of spiroplasma growth and of proper medium 
preparation. The isolate (S_. maydis 7^-7) was kindly supplied by 
Dr. T.A. Chen, Rutgers University. Growth of spiroplasma in C-36 
medium is indicated by a color change of the medium from red to 
yellow due to the production of acids by the growing organisms. 
All isolation tubes were observed daily for growth or color 




In the summer of 1973, approximately twenty apple trees in 
an orchard near Natick, Massachusetts displayed severe symptoms of 
dieback, rosetting, excessive water sprouting and rubbery wood. 
Both young U- to 5-year-old trees and relatively old (about 30-year- 
old) trees were affected. All affected trees produced few fruit 
and in some of them the fruit showed slight cracking. When the 
wood of twigs, branches or trunks of some diseased trees was strip¬ 
ped of bark, occasional long, thin brownish lines could be observed 
on the wood,. No obvious signs of cankers, insect infestations or 
mechanical damage could be found on any of these trees. The dis¬ 
eased trees were adjacent to each other, but were surrounded by 
approximately one hundred trees that showed less severe symptoms 
of excessive water sprouting and dieback. 
Severely affected trees produced large numbers of water 
sprouts from trunks and scaffold limbs. In some trees, dieback 
occurred mainly on water sprouts (Figure l), while in others, die¬ 
back progressed into major branches (Figure 2). Some diseased trees, 
particularly of the Lodi variety, produced rosettes at the tips of 
the previous year’s shoots while in most of the shoot length, buds 
failed to open and leaves were lacking (Figure 3). The wood of 
2- to 3-year-old twigs of many affected trees was noticeably rubbery 
and in some cases, twigs and branches hung downward. 
All of these symptoms were severe in 197k and 1975. In 1976, 
Figure 1. Thirty-year-old ’McIntosh’ apple tree showing excessive 
water sprouting and dieback of sprouts. 
Figure 2. Five-year-old ’Delicious’ apple tree showing severe 
dieback of twigs and branches. 
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Figure 3. Thirty-year-old 'Lodi* apple tree showing twig die- 
back and development of rosettes at the tops of 
otherwise baren twigs. 
Figure h. Chokecherry plant showing typical X-disease symptoms 
consisting of early summer reddish coloration of the 
leaves and aborted immature fruit. 
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excessive water sprouting was again observed but little dieback 
and rosetting was noted; also a fair crop of fruit was produced. 
In 1977, excessive water sprouting still occurred, but no dieback 
or rosetting was noted and the trees produced a fairly good crop 
of fruit. 
During the course of this study, it became apparent that the 
orchard under observation was poorly managed. The orchard manager 
could not provide records of spraying and fertilizing, although 
he noted that the diseased trees were fertilized with a ’’complete" 
fertilizer in 1976. Individual trees received pruning only once 
every two or three years. As a result of the location of the or¬ 
chard, there was also a problem of runoff water from a large vegetable 
field inundating the area of the orchard where the diseased trees 
were found. Apple scab, aphids, mites and weeds were often observed 
to be present in unacceptable levels. 
Since the symptoms of proliferation, dieback, rosetting and 
rubbery wood observed on apple are often associated with diseases 
of viral or mycoplasmal etiology, it was assumed that this apple 
disorder also would prove to be caused by a similar pathogen. Since 
no brown lines similar to those observed on apple had been reported 
before, other diseases of known viral or mycoplasmal etiology were 
examined for the production of brown lines. In the summer of 197^, 
many apparently X-diseased chokecherry (Figure U) plants were found* 
to have numerous brown lines on and in the wood (Figure 5). The lines 
were most abundant on the main stem and crown but they extended from 
small shoots to the larger roots. The lines occasionally crossed over 
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each other and in some cases, ended abruptly. When cross sections 
of these plants were examined, it was apparent that more lines had 
been produced in prior years and were then buried in the wood as 
the stems continued to grow (Figure 6). Identical brown lines 
were observed in abundance on the wood of X-disease affected plants 
that were apparently hybrids of chokecherry (P_. virginiana) and wild 
cherry (P_. serotina). The numbers of lines seemed to be proportional 
to the severity of X-disease symptoms, but, occasionally, a few 
brown lines were found on the wood of apparently healthy plants. Al¬ 
though symptoms of X-disease were never noted on wild cherry (P. 
serotina) plants, a few brown lines were also found on some of these 
plants. 
In the summer of 197*+» some poorly growing peach trees with 
mycoplasmalike symptoms of partial defoliation, poor yields and weak 
growth that were growing in the University orchard were found to 
show faint brown lines in and on the wood. The disease affecting the 
peach trees could not be diagnosed by the symptoms observed and the 
brown lines observed on the wood of these trees were quite different 
from those observed on apple and wild Prunus species. The brown lines 
on peach, were faint and not well defined and appeared to be more like 
discolored streaks associated with certain wilt fungi e.g. Ceratocystis. 
* 
Still, the nature of the disease and the transmissibility of these 
brown lines were studied in transmission experiments. 
Results of Transmission Experiments 
Propagation of Affected Apple Scions. No symptoms of rosetting, 
dieback, proliferation or wood abnormality were observed on any of the 
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Figure 5* Peeled stem of X-diseased chokecherry showing brown lines 
extending along the main axis of the stem. Note that 
some lines cross over and some end abruptly. 
Figure 6. Serial cross sections of a root of X-diseased choke- 
cherry plant showing brown lines as they were formed 
in previous years and were later buried in the wood 
formed in subsequent years. 
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apple scions obtained from affected apple trees showing the above 
symptoms and propagated by grafting them on apple seedlings (Table 
l). Normal shoot growth was observed on all plants, regardless of 
the symptoms shown by the twig from which the scion was taken. 
Indexing of Diseased Apple Trees. As indicated in Table 2, 
none of the symptoms observed on apple trees in the orchard were 
reproduced on any of the indicator varieties of apple inoculated 
with buds from affected apple trees. Although overall vigor dif¬ 
fered among varieties, no differences were observed between inoculated 
and control plants of any one variety. In this experiment all whip 
grafts and bud inoculations "took" and, therefore, no reinoculations 
were necessary. 
Growth Comparison Tests of Diseased and Healthy Apple. No 
growth differences were observed between diseased, healthy or inocu¬ 
lated apple plants in either greenhouse (Table 3) or outdoor (Table 
M experiments. None of these plants developed any symptoms. In 
all cases, both whip grafts and bud inoculations "took" well. 
Cross-Inoculation Experiments to Determine the Relationship of 
X-disease and the Condition Observed on Apple. Results of greenhouse 
cross-inoculations between apple, peach, P. tomentosa and P. serotina 
seedlings carried out in 1975 and 1976 are shown in Tables 5 and 6. 
Table 7 shows the results of similar cross inoculation experiments 
performed outdoors. The results are presented as the reaction of each 
indicator species to the various inoculations. 
a* Reaction of apple seedlings to cross-inoculations. Apple 
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diseased apple, diseased peach, X-diseased chokecherry or X- 
disease chokecherry-wild cherry hybrids (tables 5> 6» and 7)* 
Although buds from diseased apple inoculated on apple "took" veil, 
all Prunus buds inoculated on apple vere rejected due to incom¬ 
patibility. However, in most instances, Prunus inoculum remained 
alive from one to two weeks and it is generally accepted that graft 
transmission of virus or mycoplasma between unrelated plants e.g. 
apple viruses to Prunus tomentosa, often takes place if the inocu¬ 
lated bud remains alive for a few days. 
b. Reaction of peach seedlings and '*Elberta’ peach to 
cross-inoculations. Neither peach seedlings nor ’Elberta’ peach 
plants used as indicators produced any symptoms when inoculated 
with diseased apple (Tables 5* 6, and 7). In the 1975 greenhouse 
cross-inoculations (Table 5), four of twenty (20%} peach seedlings 
inoculated with diseased peach buds exhibited symptoms of Prunus 
necrotic ring spot virus (PNRSV), while seven of twenty (35$) 
showed symptoms in the 1975 outdoor experiment (Table 7). These 
symptoms consisted mainly of necrotic spots on young leaves that 
later sloughed off leaving a shot hole effect on the leaves. In 
some cases tip necrosis occurred. In greenhouse experiments, most 
infected peach plants produced symptoms on the first emerging leaves 
in about one month from the time of inoculation. Peach seedlings 
grown outdoors showed milder symptoms and they appeared approximately 
two months after inoculation. The shock phase of PNRSV did not 
persist long and plants produced normal leaf tissue about four to six 
weeks after the onset of shock symptoms. In the 1975 greenhouse inocu- 
b6 
lations (Table 5), two of twenty (10$) peach seedlings inoculated 
with X-diseased peach developed typical symptoms of X-disease, 
while none showed symptoms in the 1975 outdoor (Table 7) experiments. 
These symptoms consisted of chlorosis and partial defoliation of 
lower leaves, rosetting of shoot tips and upward longitudinal 
rolling of leaves. Symptoms of X-disease appeared about two months 
after inoculation. 
When peach seedlings were inoculated with X-diseased choke- 
cherry, twelve of twenty (60$) showed PNRSV symptoms in the 1975 
greenhouse experiments (Table 5)s thirteen of twenty {65%) showed 
PNRSV symptoms in the 1976 greenhouse experiments (Table 6), and 
thirteen of twenty {65%) showed PNRSY symptoms in the 1975 out¬ 
door experiments (Table 7)♦ Of the same peach seedlings inoculated 
with X-diseased chokecherry, twelve of twenty (60$) peach seedlings 
showed X-disease symptoms in the 1975 greenhouse experiments (Table 
5), fifteen of twenty (75$) produced X-disease symptoms in the 1976 
greenhouse experiments (Table 6), and sixteen of twenty (80$) pro¬ 
duced X-disease symptoms in the 1975 outdoor experiments (Table 7). 
Similar numbers of peach seedlings showed symptoms of PNRSV and 
X-disease when inoculated with buds from X-diseased hybrids of 
chokecherry-wild cherry. Thus, ten of twenty (50$) inoculated peach 
seedlings showed PNRSV symptoms in the 1975 greenhouse experiments 
(Table 5), six of twenty (30$) showed PNRSV symptoms in the 1976 
greenhouse experiments CTable 6), and ten of twenty (50$) showed PNRSV 
symptoms in the 1975 outdoor experiments (Table 7). Similarly, of 
the same peach seedlings inoculated with X-disease hybrids, sixteen 
of twenty (80$) showed X-disease symptoms in the 1975 greenhouse 
experiments (Table 5)9 eleven of twenty (55%) showed X-disease 
symptoms in the 1976 greenhouse experiments (Table 6) and twelve 
of twenty (60%) showed X-disease symptoms in the 1975 outdoor 
experiments (Table 7)« 
c. Reaction of Prunus tomentosa to cross-inoculations, 
When buds from diseased apple, peach, chokecherry and chokecherry- 
wild cherry hybrids were grafted on P_. tomentosa, the results were 
similar to those obtained when peach was used as an indicator (Tables 
5, 6 and 7). Eh tomentosa developed no symptoms when inoculated 
with buds from diseased apple, but several Ph tomentosa seedlings 
developed symptoms of PNRSV and X-disease when inoculated with buds 
of diseased peach, X-diseased chokecherry and X-diseased chokecherry- 
wild cherry hybrid. P. tomentosa reacted to PNRSV faster and more 
severely than did peach. Symptoms of PNRSV on P. tomentosa con¬ 
sisted of pronounced necrotic spotting of leaves, stunting and some 
tip and bud necrosis. Plants usually recovered from the shock phase 
four to six weeks from inoculation. Symptoms of X-disease on P, 
tomentosa appeared as general chlorosis, rosetting, stunting of leaves 
and shoots, and in many cases, decline and death of the plant. On 
Eh tomentosa in the greenhouse, symptoms of PNRSV appeared in less 
than a month and of X-disease in two to three months from inoculation. 
When plants were grown outdoors, appearance of symptoms was delayed 
and more erratic. 
When Eh tomentosa seedlings were inoculated with diseased peach 
buds, five of twenty (25%) showed PNRSV symptoms in the 1975 green- 
hQ 
house experiments (Table 5) and five of twenty (25%) showed PNRSV 
symptoms in the 1975 outdoor experiments (Table 7)• Of the same 
P. tomentosa plants inoculated with diseased peach, three of twenty 
(15%) showed X-disease symptoms in the 1975 greenhouse experiments 
(Table 5) and two of twenty (10%) showed X-disease symptoms in the 
1975 outdoor experiments (Table 7)» 
When P. tomentosa seedlings were inoculated with buds of X— 
diseased chokecherry, eighteen of twenty (90%) showed PNRSV 
symptoms in the 1975 greenhouse experiments (Table 5) 5 sixteen of 
twenty (.80%) showed PNRSV symptoms in the 1976 greenhouse experi¬ 
ments CTable 6) and eleven of twenty (55%) showed PNRSV symptoms 
in the 1975 outdoor experiments (Table 7) • Of the same P_. tom¬ 
entosa seedlings inoculated with X-disease symptoms in the 1975 
greenhouse experiments (Table 5), twelve of twenty (60%) showed 
X-disease symptoms in the 1976 greenhouse experiments (Table 6), 
and fourteen of twenty (70%) showed X-disease symptoms in the 1975 
outdoor experiments (Table 7)• 
When P_. tomentosa seedlings were inoculated with X-diseased 
chokecherry-wild cherry hybrid, seventeen of twenty (85%) showed 
PNRSV symptoms in the 1975 greenhouse experiments (Table 5), fifteen 
of twenty (75%) showed PNRSV symptoms in the 1976 greenhouse experi¬ 
ments (Table 6) and sixteen of twenty (80%) showed PNRSV symptoms 
in the 1975 outdoor experiments (Table 7)* Of the same P_. tomentosa 
plants inoculated with X-diseased hybrid, sixteen of twenty (80%) 
showed X-disease symptoms in the 1975 greenhouse experiments (Table 
5), ten of twenty (50%) showed X-disease symptoms in the 1976 
greenhouse experiments (Table 6) and eight of twenty (k0%) showed 
X-disease symptoms in the 1975 outdoor experiments (Table j). 
d. Reaction of Prunus serotina (wild cherry) to cross- 
inoculations. No symptoms were observed on any P_. serotina plants 
inoculated with buds from diseased apple, peach, chokecherry or 
choke cherry-wi Id cherry hybrid (Tables 5, 6 and 7) • Nearly 100$ 
of the inoculum buds (including Prunus) were rejected and the 
plants were reinoculated. The reinoculation buds,however, were 
also rejected within three weeks. 
Susceptibility of Prunus serotina to X-disease and Brown Line 
Formation. Of the 300 FL serotina plants inoculated with buds from 
apparently X-diseased chokecherry plants showing brown lines, none 
developed brown lines or any other symptoms. In all inoculated 
plants, however, the bud used as inoculum failed to "take" and all 
the plants were reinoculated. Even after the second inoculations, 
approximately 90$ of the buds failed to "take" and were necrotic 
within a month. 
Mechanical Transmission Experiments. No virus symptoms developed 
on any of the herbaceous plants inoculated with leaf sap from diseased 
apple trees (Table 8). When sap from leaves of peach and P. tomentosa 
plants experimentally infected with Prunus necrotic ring spot virus 
was used as inoculum, large necrotic local lesions appeared on the 
inoculated cotyledons of cucumber. The local lesions appeared three 
days after inoculation and were later followed by a systemic mild 
mosaic on newly emerging cucumber leaves. Initial transmission attempt 
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inoculated cotyledons of cucumber shoved at least some local 
lesions, the average number being eight local lesions per cotyledon. 
When cucumber cotyledons that had shown PNRSV symptoms for five 
days were used as inoculum, the virus was transmitted to other 
herbaceous plants, such as ’Buttercup’ squash and Chenopodium 
amaranticolor. The symptoms were characteristic of PNRSV and 
consisted of small yellow-white necrotic local lesions on leaves 
r 
of Chenopodium amaranticolor, and large brown necrotic local 
lesions on the cotyledons of ’Buttercup’ squash; on the latter, 
the local lesions were followed by limited systemic leaf necrosis 
(Table 8). Inoculated C_. amaranticolor leaves produced an average 
of twenty local lesions per leaf. Inoculated ’Buttercup’ squash 
cotyledons produced an average of six local lesions each. 
Foliar Analysis of Affected Apple Trees. Results of the 1975 
and 1977 foliar analyses are shown in Tables 9 and 10. Levels 
that appear either high or low have been noted. Measured N levels 
of affected trees appeared to be consistently high in both 1975 and 
1977. Levels of P were found to be within normal limits for both 
1975 and 1977- Of the affected trees, U of the 6 tested in 1975 
were low in K while all three affected trees tested in 1977 had ex¬ 
cessive K levels. Four of the six affected trees were low in Ca 
in 1975 while Ca levels in the same trees were normal or near normal 
in 1977- The same four affected trees also had low levels of Mg 
in 1975 while in 1977 their Mg levels were in the lower part of the 
normal range. The levels of B, Fe and Mn were at normal levels in 
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normal in 1975 tut excessive in 1977- The excessive levels of Zn 
and Cu of leaves in 1977 were probably due to contamination with 
spray materials containing Zn and Cu although it is not known whether 
such materials were used in the orchard. 
Histopathology 
Light Microscopy of Brown Lines. Brown lines in X-diseased 
wild Prunus trees (Figures 5 and 6) are composed of groups of ab¬ 
normal living parenchyma cells (Figures 7A and 7B). Individual 
cells in each brown line are irregular in shape and possess a 
thickened secondary cell wall which contains a dark pigment. Using 
the IKI histochemical stain, it was found that the cells comprising 
a brown line contain much higher concentrations of starch than 
neighboring tissues. The periodic acid-Schiff reagent stain, which 
reacts with all insoluble carbohydrates, produced a good contrast 
between the brown lines and unaffected woody tissues (Figure 7)* 
During the histopathological studies of brown lines , no mycelium or 
fungal spores, bacteria or other microscopic organisms were found 
associated with brown lines. Also, when sections of wood containing 
brown lines were aseptically transferred to culture plates containing 
various microbiological nutrient media, no organism grew in any of 
the media. During the histological studies, however, many plants 
exhibiting brown lines were peeled and observed under the dissecting 
microscope. In the brown lines of a few peeled plants, the larvae 
of a cambium mining insect,possibly Phytobia pruni, were found feeding 
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are caused "by the feeding of the cambium miner and the histological 
studies vere terminated. A full description of how brown lines 
are formed in response to cambium miner injury was given in the 
"Review of Literature". 
Electron Microscopy. When thin sections of vascular tissues 
of leaf veins of diseased apple were examined in the electron 
microscope, they were found to be free of anything that looked 
like a virus or a microorganism. The few sections of X-diseased 
Prunus tissues also did not reveal the presence of any microorganisms, 
although it is known that X-disease is caused by a mycoplasma. 
Culturing Experiments 
Isolation of Pathogens on Simple Media. When plant tissues 
including brown lines were obtained from diseased apple, choke- 
cherry and chokecherry-wild cherry plants and were plated on eco¬ 
logical-bacteriological culture media, no pathogenic organisms grew 
on these media. Occasionally, common contaminants were found grow¬ 
ing on the plated tissues or on the media, but none of these were 
found consistently associated with, diseased tissue. Experiments 
using all the media listed under "Materials and Methods" were re¬ 
plicated four times. 
Culturing of Pathogens on Itycoplasma (Spiroplasma)Media. Except 
for an occasional bacterial contaminant, no growth was detected in 
either of the spiroplasma media inoculated with tissues of diseased 
apple, X-diseased peach or healthy controls. Culturing experiments 
were repeated four times on the medium described by AbdEl-Shafy CL972) 
6 2 
Figure ?• Light micrographs of brawn lines in X-diseased 
chokecherry stems sectioned in celloidin at 20 u 
thickness and stained with the periodic acid-Schiff 
reagent stain. (A) A brown line within the wood 
comprised of irregular shaped living parenchyma 
cells with dark cell walls. (B) A brown line 
forming at the cambium showing local disorgani¬ 
zation of cambial tissues. 
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6b 
and five ■time on "the C—3G medium of Liao (1977) • Excellent growth 
of Spiroplasma maydis 7^-7 was obtained in C—3G medium when this 
organism was grown as a control in the five replicates of the ex¬ 
periment in C-3G medium. 
65 
DISCUSSION 
The various experiments performed and reported herein failed 
to demonstrate that the disease observed on apples is caused by 
a transmissible agent. Thus, the symptoms observed on apple trees 
in the orchard could not be reproduced by propagation; plants 
grown from grafts obtained from affected and healthy trees exhibited 
no growth differences in growth comparison experiments; and indexing 
of affected trees on many apple varieties resulted in no symptom 
expression in any of them. Peach, P_. tomentosa and P. serotina 
seedlings inoculated with diseased apple buds also produced no 
symptoms of any kind. No fungi, bacteria, viruses, mycoplasmas 
or other organisms were detected in affected apple trees by light 
or electron microscopy or by culturing experiments, nor were any 
such organisms transmitted by mechanical transmission, In addition, 
the severe symptoms of dieback and rosetting observed in 197^ and 
1975 appeared to abate in subsequent years and all but disappeared 
by 1977. 
It has been well documented that diseases caused by viruses, 
mycoplasmas, rickettsialike bacteria or other intracellular patho¬ 
gens can be transmitted by the use of vegetative propagation materials 
such as those used in the present transmission experiments. The 
failure to transmit the symptoms observed on apple or to detect any 
pathogens in the various experiments supports the contention that 
no pathogenic organism is responsible as the cause of the apple dis¬ 
ease. These results, when considered with the observation that the 
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symptoms observed on apple appeared to abate, suggested the possibility 
of an abiotic factor being the cause of the apple disease. There¬ 
fore, factors other than pathogens, perhaps nutrition, environment 
and tree management were investigated as possible causes of the 
condition observed on apple. 
Foliar analysis of diseased apple trees showed that certain 
elements were present in excessive amounts while others were defic¬ 
ient. N was consistently high in affected trees in both 1975 and 
1977. On the other hand, K levels were generally low in 1975 but 
high or excessive in 1977* Furthermore, Ca and Mg levels were low 
in 1975 but normal in 1977. The high N levels can probably explain 
the excessive vigor displayed by the affected trees. Excessive 
water sprouting was evident both in 1975 and 1977, but in the later 
year to dieback and rosetting was observed. The difference in symptoms 
in the two years may be explained when K levels in the two years 
are taken into consideration. Thus, although the typical leaf scorch 
symptoms accompanying K deficiency were not observed in 1975, K 
levels were low (Table 9). It is known that K nutrition affects 
winter hardiness (Boynton, 1966}. It is possible, therefore, that 
the dieback of sprouts observed in the early years was the result of 
a combination of excessive late growth stimulated by excess N and 
reduced winter hardiness induced by deficient levels of K. K levels 
exhibited the greatest change of all elements measured between the 
years 1975 and 1977. 
Ca deficiency shown in the foliar analysis of 1975 could have 
been responsible for the minor amount of fruit cracking observed on 
6 7 
affected trees in the earlier years of this study (Boynton, 1966). 
It is not known what, if any effect the slight deficiency of Mg 
noted in 1975 could have had in the symptoms observed, since Mg 
deficiency has not been associated with such symptoms. 
The environment and management of the diseased apple trees 
were generally poor. Affected trees were in the path of runoff 
water from a large vegetable field. It is probable that dissolved 
fertilizers and herbicides were washed into the area, although no 
typical foliar symptoms of herbicide injury were observed. Runoff 
water inundated the trees in the spring and after heavy summer 
showers. Because of a limited labor force, all trees in the orchard 
were pruned only once every two or three years, at which time large 
limbs had to be removed and this further stimulated excessive water 
sprouting. The overall management of the orchard was quite poor, 
as witnessed by the presence of insects, apple scab and weeds on 
the trees or the orchard floor. 
From the observations and experiments described earlier, it 
is concluded that the symptoms observed on apple are most likely 
the result of a combination of improper nutrition and poor management. 
The high N levels measured in affected trees were probably due to 
excessive nitrogenous fertilizers reaching the tree after intentional 
fertilizing or via runoff. Relatively high levels of N, coupled with 
heavy pruning cuts necessitated by infrequent pruning were probably 
the cause of excessive production of vigorous water sprouts. Many 
of these sprouts were still growing in late summer and may have been 
susceptible to winter injury CBoynton, 1966). Winter-related diebacks 
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and injuries have also been associated with fall applications of 
nitrogenous fertilizers (Tingley et_ al, 1939; Sudds and Marsh, 
1943; Edgerton, 1957). If fertilizers were indeed carried in 
runoff water, affected apple trees may have been periodically 
receiving soluble nitrogenous fertilizers throughout the growing 
season, including fall. Since trees with high N levels tend to 
blossom earlier, they are more likely to encounter flower killing 
temperatures (Burell and Boynton, 1945). Low yields were observed 
in 1975 but not in 1977, although high N levels were measured both 
years. It is not known, however, if affected apple trees were ex¬ 
posed to conditions that could cause blossom injury in 1975 but 
not in 1977. 
As was reported by Grossenbacher (1.915), the larvae of the 
cabmium mining insect, Phytobia pruni, cause formation of brown 
lines on or in the wood of Prunus and Crataegus trees. No larvae 
of any kind were found in brown lines in apple and only a few 
larvae, presumably of the same insect, were found in the more ex¬ 
tensive brown lines in chokecherry. It is assumed that the few 
brown lines observed in apple were caused by the same or a related 
insect. 
Although transmissible agents were found associated with the 
diseased apple condition, Prunus necrotic ring spot virus and X- 
disease were transmitted from Prunus plants showing brown lines. 
Cross-inoculation experiments showed that chokecherry and the choke- 
cherry-wild cherry hybrid had a high incidence of Prunus necrotic 
ringspot virus and X-disease, which were transmitted from more than 
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50$ of the indexed plants. However, only about 25$ of the peach 
plants with mycoplasmalike symptoms collected in the University 
orchard produced Prunus necrotic ring spot virus and X-disease 
symptoms on the indicator plants. Prunus necrotic ring spot virus 
was also mechanically transmitted from woody indicator plants to 
herbaceous plants, while no viruses were transmitted from diseased 
apple. Since Prunus necrotic ring spot virus is probably the most 
prevalent of all viruses in cultivated and wild Prunus species 
(Nyland, 1976), the detection of virus in transmission experiments 
was not unexpected. 
No pathogens were isolated from diseased apple, X-diseased 
chokecherry or X-diseased chokecherry-wild cherry hybrid using 
mycological or bacteriological culture media. These results prove 
that no common fungal or bacterial systemic pathogens were assoc¬ 
iated with these diseases or the presence of brown lines. No 
mycoplasma or spiroplasma could be cultured from diseased apple 
or X-diseased peach on media used to culture spiroplasmas, while 
a known spiroplasma used as control was grown successfully on the 
same media. This shows that the spiroplasmas that could be cultured 
on such media were probably not associated with the diseases under 
discussion. To date, only the mycoplasma associated with aster 
yellows has apparently been successfully cultured (Maramorosch, 1977), 
although many workers in this field have repeatedly failed to isolate 
known mycoplasmas using current spiroplasma and other complex experi¬ 
mental media (Chen, personal communication). It is believed that 
spiroplasmas and mycoplasmas are very distinct not only in morphology 
TO 
but also in ease of isolation and cultural requirements (Chen, per¬ 
sonal communication). Therefore, it is not unexpected that the 
mycoplasma associated with X-disease failed to be isolated using 
spiroplasma media. 
The brown lines observed on apple, chokecherry and hybrids 
were at first thought to be caused by a mycoplasmalike agent or 
perhaps some other pathogen. It was noted that the number of 
brown lines seemed to be associated with the presence and severity 
of X-disease symptoms in the wild Prunus species. However, brown 
lines were never transmitted to or propagated on any plant during 
the various transmission experiments. The discovery of the report 
published by Grossenbacher (1915) regarding the cambium mining 
insect, Phytobia pruni, as the cause of brown lines in Prunus 
species led to the search for and discovery of a few larvae feeding 
on cambial tissues of chokecherries with brown lines. Stained 
sections of brown lines observed under the microscope appeared in 
all ways to be the same as those described by Grossenbacher (1915)- 
It is assumed, therefore, that brown lines observed on Prunus plants 
were caused by the same or a related insect. 
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SUMMARY 
In the summer of 1973 some 'McIntosh,1 'Delicious' and 
'Lodi' apple trees located in an orchard near Natick, Massachusetts 
shoved symptoms of excessive vater sprouting, diehack, rosetting, 
rubbery vood, significant reduction in yield and occasionally a 
few long, narrow, slightly raised brown lines on the wood when 
stripped of bark. The severe symptoms occurred yearly through 
1975, but abated the following year and all but disappeared by 1977- 
Brown lines similar to but more striking than those seen on apple 
were found on and in the wood of X—diseased chokecherry and choke— 
cherry-wild cherry hybrid plants. The number of brown lines 
seemed to increase with the severity of X—disease symptoms although 
some brown lines were found in apparently healthy plants. Affected 
apple trees were propagated by grafting on apple seedlings and were 
also indexed on twenty four varieties of apple and on seedlings of 
peach, Prunus fomentosa and apple and on herbaceous virus indicator 
plants. Cross-inoculations were made from affected apple, chokecherry 
and chokecherry-wild cherry hybrids onto seedlings of apple, peach, 
P. tomentosa and P_. serotina. Isolation of pathogen(s) from diseased 
apple, X-diseased chokecherry and from brown lines of both were at¬ 
tempted on common mycological-bacteriological media as well as on 
complex spiroplasma media. The histopathology of brown lines were 
studied using the light microscope, while electron microscopy was 
employed to detect any pathogens present in diseased apple and wild 
Prunus plants. After three years of experiments, no symptoms, brown 
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lines or pathogens were detected on or transmitted from apple trees, 
while Prunus necrotic ring spot virus and X—disease were transmitted 
from wild Prunus plants. Macro- and micronutrient analysis of leaves 
from affected apple trees showed N levels at or above normal maximum, 
while Ca, K and Mg were often low. Nutrient analysis and observations 
suggest that the apple disease was caused by excessive water sprouting 
induced by high nitrogen, combined with winter injuries to late grow¬ 
ing tissues due to high N and low K. The brown lines observed on 
apple and wild Prunus plants were found to be non—transmissible. 
After the discovery of a reference to a cambium mining insect, 
Phytobia prnnl, a few larvae were found actively feeding on cambial 
tissues of chokecherry with brown lines. The brown lines observed 
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